ABSTRACT -Occurrence of Fusarium spp. is one of the problems, most limiting to growth of seedlings, in nurseries. This pathogen can be transmitted via seeds and causes damages to the seedlings during pre-and post-emergence stages. The present study aimed to identify Fusarium spp. at the species level based on morphological and molecular characteristics and to verify the pathogenicity of these isolates in seeds lots of Pinus elliottii and P. taeda. For this, we used two Fusarium isolates and five lots of Pinus spp. seeds. Morphological characterization was performed based on a key, specific to Fusarium spp. identification, whereas, molecular identification was carried out by amplification and sequencing of the regions from internal transcribed spacer (ITS) and the elongation factor 1-(tef1). The pathogenicity test was conducted through the contact of the seeds with fungal culture for 48 h, followed by sowing them in sand. The variables evaluated were emergency speed index, percentage of emergency, non-emergency seeds, symptomatic seedlings, and seedling damping-off. One isolate, F1UFSM, was identified as F. verticillioides and another isolate, F2UFSM, was identified as F. oxysporum. Both the isolates were pathogenic to the seeds of Pinus spp., causing a reduction in the percentage of emergence and seedling damping-off.
INTRODUCTION
The occurrence of Fusarium spp. is one of the problems that are the most limiting to the growth of seedlings in nurseries. This cosmopolitan pathogen is a native inhabitant of soil and is difficult to control. Several species of Fusarium are associated with seed rot and damping-off of seedlings of Pinus spp., for example, F. sambucinum in P. elliottii (MACIEL et al., 2013) , F. circinatum in P. radiata and P. pinaster (LANDERAS et al., 2005) as well as F. circinatum in P. maximinoi, P. patula and P. tecunumanii (STEENKAMP et al., 2012) , and P. taeda and P. elliottii (LORI; SALERNO, 2003) . Pfenning et al. (2014) identified F. circinatum associated with Pinus in Brazil, where this pathogen is considered a quarantine fungus.
F. oxysporum and F. verticillioides were observed to be pathogenic to seedlings of P. nigra in northwestern Spain, causing damping-off during pre-emergence stage and, therefore, in the reduction of germination potential (MARTÍN-PINTO; PAJARES; DÍEZ, 2008) . Because of the diversity of hosts that are compromised by Fusarium, it is necessary to identify the pathogen at the species level in order to facilitate the applicability of control strategies.
In this context, O'Donnell (2000) and Leslie and Summerell (2006) suggested three features of species for identification of Fusarium spp.: morphological, based on the similarity of the observed characters, called morphological markers, biological, based on the sexual compatibility between members of the same species, and phylogenetic, based on the analysis of gene sequences. DNA analysis is an effective tool, rapid and accurate to detection of fungal pathogens to species or strain level (TSUI; WOODHALL; CHEN, 2011), and has been complementing the morphological characterization, giving more credibility to the process of identifying the species.
Considering the above background, the objective of the present study was to identify Fusarium spp. at the species level based on morphological and molecular characteristics and to verify the pathogenicity of these isolates in seeds lots of P. elliottii and P. taeda.
MATERIAL AND METHODS
Seeds of P. elliottii and P. taeda (harvested in 2013) used in this study had their origin in the municipality of Ijui (28°23 16 S e 53°54 54 W), located in the northwest region of Rio Grande do Sul state, Brazil. Five lots were used: two of P. elliottii (Lot 1 and Lot 2) and two of P. taeda (Lot 3 and Lot 4) and a fifth lot P. elliottii (SP1) was from Sao Paulo city, Sao Paulo. For isolation of the pathogen from the lots, seeds were subjected to the "blotter test", whereby, they were incubated for seven days at 25 °C under a 12 h light/dark photoperiod; the morphological characteristics of the putative Fusarium colonies on the seeds were observed after this period. The putative colonies were then subcultured on Petri dishes containing potato dextrose agar (PDA) medium supplemented with 0.5 g·L -1 streptomycin sulfate and incubated under the same conditions mentioned above. The characteristics of the resulting colonies were compared to those described earlier for the genus Fusarium (GERLACH; NIRENBERG, 1982; LESLIE; SUMMERELL, 2006) . Monosporic cultures were obtained (Table 1) according to the methodology of Alfenas and Mafia (2007) and stored in the mycological collection of the Laboratory of Plant Pathology, Universidade Federal Santa Maria, Santa Maria, RS, Brazil.
For molecular characterization of the fungal isolates, mycelium and spores were collected from the cultures grown on PDA medium for two weeks under the conditions described in the previous section. DNA from the pathogen was extracted by the cetyltrimethylammonium bromide (CTAB) method (DELLAPORTA; WOOD; HICKS, 1983) . Samples of the extracted genomic DNA were used in polymerase chain reaction (PCR) for amplification of internal transcribed spacer (ITS) region of rDNA using the primer pair, ITS1 (5 -TCCGTAGGTGAACCTGCGG-) and ITS4 (5 -TCCTCCGCTTATTGATATGC-3 ) (WHITE et al. 1990.) and the region of elongation factor 1 alpha (tef1) using the primer pair EF1-T (5 -ATGGGTAAGGARGACAAGAC-3 ) and EF1-1567R (5 -ACHGTRCCRATACCACCRATCTT-3 ) (REHNER; BUCKLEY, 2005) . Each PCR mixture contained approximately 1 µL DNA, 10 µL 5X GoTaq Reaction Buffer (Promega, EUA), 1 µL dNTPs mixture, 1 µL of each primer, 0.2 µL GoTaq DNA polymerase (Promega, EUA), and autoclaved MiliQ water to the make the volume to 50 µL. PCR was performed in a GeneAmp PCR System 2400 (Perkin Elmer, EUA) under the following cycling conditions: 94 °C for 2 min, 40 cycles of denaturation at 94 °C for 30 s, annealing at 50 °C for 2 min, and elongation at 72 °C for 1 min followed by a final extension at 72 °C for 4 min. At the end of the reaction, the PCR products were stored at 4 °C. A negative control, without DNA, was included in the PCR amplifications. After electrophoresis on a 0.8% agarose gel in 1X TAE buffer (0.04 M Tris-acetate, 1 mM EDTA) and staining of the gel with ethidium bromide (1 mg L -1 ), the amplified fragments were visualized under ultraviolet light. A 1 kb Plus DNA ladder (Invitrogen, USA) was used as the molecular weight marker. The PCR products obtained were purified following the protocol described by Schmitz and Riesner (2006) using polyethylene glycol 6000 (PEG 6000). The obtained sequences were compared to those of Fusarium and Gibberella spp. (teleomorph), available in the GenBank. The sequences from the GenBank that showed the highest scores were selected and aligned with the sequences of the amplified products by the ClustalW algorithm. Furthermore, phylogenetic analysis was conducted, adopting the Neighbor-joining method with 1000 replicates in the MEGA program version 4 (TAMURA; DUDLEY; NEI, 2007) . The similarity of the nucleotide sequences between the isolates was calculated using the Basic Local Alignment Search Tool-BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
For morphological characterization, sterilized leaf fragments (~3-5 mm 2 ) of carnation (Dianthus caryophyllus) were infected with colonies of the pure isolates on 2% culture medium agar (NELSON; TOUSSON; MARASAS, 1983; VENTURA, 1999) and incubated for 25 days at 25 ± 2 °C under 12 h light/dark photoperiod, for scaling and photography of reproductive structures. Thirty conidia were evaluated in the isolates of Fusarium spp. by measuring their length and width. For staining of the culture, mycelia were aliquoted in test tubes containing PDA medium and incubated for 10 days under the conditions specified above. The color was determined visually (front plate) and compared with that described in the literature (LESLIE; SUMMERELL; NELSON; TOUSSON; MARASAS, 1983) .
To determine the average mycelial growth of the isolates, we placed agar-solidified culture medium disks (12 mm) derived from the plates of the pure cultures in the center of a Petri dish containing PDA medium. The plates were incubated under the conditions specified earlier and the mycelial growth was observed by measuring the diameter of the colony every 24 h with the aid of a digital caliper, during seven days. The measurements were taken in two diametrically opposed directions. At the end of this experiment, the sporulation of each isolate was determined, by adding 20 mL of sterile distilled water to each Petri dish and scraping with the handle of a Drigalski spatula; the suspension was filtered through gauze and the concentration (conidia mL -1 ) of conidia was estimated using a Neubauer chamber. Five replicate plates (90 mm) of each isolate were used for determining the sporulation. The mycelial growth were submitted to regression analysis using the statistic program System Analysis of Variance for Balanced Data (SISVAR 5.3) (FERREIRA, 2010) .
The pathogenicity of F1UFSM and F2UFSM isolates in Pinus seeds was determined by inoculating the seeds of five lots of P. elliottii (Lot1, Lot2 and SP1) and P. taeda (Lot3 and Lot4) with the pathogens. The seeds used in the tests remained stored in the freezer (-18 °C) for two weeks for breaking their dormancy (BRASIL, 2009) . For testing the pathogenicity, initially, the seeds were sterilized with a solution of 70% (v/v) alcohol for 30s and then with a solution of sodium hypochlorite (1% v/v) for 1 minute. They were subsequently washed with sterile distilled water and dried on sterile filter paper. Each treatment used 100 seeds, divided into four replicates of 25 seeds each.
After the incubation period of the fungus (seven days at 25 ± 2 °C with a photoperiod of 12 h light/dark), inoculation was carried out by keeping the seeds in contact with the fungal culture for 48 h at 25 ± 2 °C and 12 h light/dark photoperiod. For the control, seeds were exposed only to the PDA medium under the same conditions. After inoculation, the test of emergence in sand was performed, in which the seeds were placed in plastic boxes (11 × 11 × 3.5 cm) containing sifted sand as a substrate; the sand was sterilized by autoclaving for 2 h (with interval of 24 h) 1 atm and 120 ºC. The material remained incubated in a temperature-controlled room with a temperature of 25 ± 2 ºC and with manual irrigation where necessary. Were used four plastic boxes per treatment, and each treatment corresponds to inoculation of Fusarium spp. (F1UFSM or F2UFSM) on lots of Pinus spp. seeds (Lot1, Lot2, Lot3, Lot4 or SP1).
The variables evaluated were: a) emergence speed index (ESI): daily count of emerged seedlings, considered when the hypocotyls were bigger than 1.0 cm, determining the ESI through the equation suggested by Maguire (1962) ; b) seedling emergence: counting the number of seedlings at 28 days; c) abnormal seedlings symptomatic: seedling with symptoms caused by the Fusarium were checked; d) non-emergence seeds: count of the seeds C. G. Maciel et al. with rotted aspect and of those that had not started the germination process. For all variables, except the ESI, the results were expressed as percentages. When the presence of damping-off was detected, the seedlings were collected and incubated in a moist chamber or placed in Petri dishes with PDA culture medium, with the goal of determining whether the damage was caused by the inoculated fungus, and then re-isolation was performed.
The trials were conducted in a completely randomized design, treatments with four repetitions, and each repetition consisting of one plastic boxes containing 25 seeds. Means comparison was done by Tukey's test at 5% probability; the software used was SISVAR 5.3 (FERREIRA, 2010).
RESULTS AND DISCUSSION
In this study, the isolates F1UFSM and F2UFSM were pathogenic to Pinus's seeds. The seedling symptoms began approximately 14 days after inoculation and were described as follows: seed rot and damping off in preemergency and post emergency of seedlings (Figure 1 ).
Analyzing the values of ESI lots of study, with and without inoculation of Fusarium spp., notes that those who remained in contact with the pathogen before sowing had a lower rate of emergence speed. This means that the average number of seedlings per day decreased due to colonization of seed by the pathogen, thus causing an increase in the inequality of emergence of seeds, associated with reduced vigor. According to the data presented in Table 2 reveals that the isolates were pathogenic seeds of Pinus spp., directly interfering on seedling emergence variable, except for the seeds lot of P. elliottii (SP1), where no significant difference was for this variable. In this lot (P. elliottii -SP1) the difference was observed for the variables symptomatic seedlings and damping-off in post-emergence when compared with the control treatment. This result may indicate that the presence of the pathogen did not affect the initial formation processes (germination and emergence), but acted in a negative way during seedling development.
The fusariosis, in the seedlings of different Pinus spp., is reported to be an important disease in the nursery causing discoloration of the needles, drying of the apical parts, browning of the roots, growth stagnation (GRIGOLETTI JUNIOR; AUER, 2006), wilting and low seedling-survival rate (MACIEL et al., 2013.) , and rot and reduction in the root development (OCAMB; JUZWIK; MARTIN, 2002) .
DNA of Fusarium spp. isolates was amplified with primers and sequenced. For the tef1 and ITS regions, 677 and 678 bp fragments were amplified, respectively. Both the analyzed regions were effective in the classification of the isolates belonging to the same clade based on the other sequences of Fusarium spp. deposited in the GenBank having high bootstrap values. To construct the phylogenetic tree, based on both the ITS and tef1 amplicons, the GenBank accessions that showed the highest coverage ( 95%) and similarity were chosen ( 98%) (Figure 2 ). The F1UFSM isolate was allocated in the same clade with F. verticillioides (anamorph Gibberella moniliformis), with bootstrap values of 98 and 87, while F2UFSM was grouped with F. oxysporum with bootstrap values of 97 and 84, respectively, for ITS and tef1. According to Geiser et al. (2004) , tef1 has become the most common marker, since it is highly informative among the Fusarium single copy genes. Schoch et al. (2012) emphasized the importance of specific markers for Fusarium, such as elongation factor 1 -and suggested the ITS region as a potential universal code for the identification of fungi. The ITS region was considered efficient in the identification and separation of Fusarium (MENEZES et al., 2010) . Molecular markers, ITS and tef1, are considered fast and low cost practical tools for efficient discrimination and identification of Fusarium spp. (ARIF; CHAWLA; ZAIDI, 2012).
According to macroscopic and microscopic characteristics of the fungal colonies, F1UFSM was allocated to the section Liseola while F2UFSM was framed in the section Elegans; these sections are distinguished GERLACH; NIRENBERG, 1982; NELSON; TOUSSON; MARASAS, 1983) and provide a direction for the sequence during the identification process. The isolates F1UFSM and F2UFSM were identified as F. verticillioides (synonym F. moniliforme) and F. oxysporum, respectively. However, the confirmation of species was made possible only by the molecular determination (Figure 2 ). According to Leslie and Summerell (2006) , the combinations of phylogenetic and biological concepts have a high potential for consistent characterization of the genus Fusarium. Furthermore, the use of molecular techniques for DNA analysis has allowed the development of fast, sensitive, and specific methods, complementary to the diagnosis of pathogens, for complementary to the morphological analysis (TEIXEIRA et al., 2004) .
The pigmentation of the F1UFSM isolate was light beige in the PDA culture medium, while that of the isolate F2UFSM was violet (Table 3 ). The mycelial growth of both isolates was 12.85 cm day -1 , completing the Petri dish in seven days (Figure 3) . Gupta, Misra and Gaur (2010) reported that F. oxysporum f. sp. psidii and F. solani showed maximum growth of 7.25 cm at 28 °C, after seven days of incubation. Skovgaard et al. (2003) recorded an average daily increase of 5.1 cm for the isolates of F. commune.
For variable sporulation in the leave-carnation-agar (LCA), it was observed that the isolate F1UFSM showed higher sporulation than F2UFSM what ranged from 11.25 × 10 6 to 4.44 × 10 6 conidia mL -1 , respectively (Table 3) . Species of F. verticillioides produce sparse macroconidia C. G. Maciel et al. while F. oxysporum has abundant production of these structures (LESLIE; SUMERELL, 2006). Silva and Teixeira (2012) found an average sporulation of 3.09 x 10 3 conidia mL -1 for F. solani, using 12-hour photoperiod and PDA medium. On the other hand, Lazarotto et al. (2014) , in tests with to the culture complex Gibberella fujikuroi on LCA culture medium, found high levels of sporulation, reaching 12.68 × 10 6 conidia mL -1 for one of their isolates (F5). The LCA medium favors the ultimate expression of the characteristics and sporulation of the genus Fusarium (NELSON; TOUSSON; MARASAS, 1983; VENTURA, 1999) .
We believe that the present study contributes to the knowledge on the diversity and pathogenicity of F. oxysporum and F. verticillioides associated with Pinus seeds. Further analyses involving other Fusarium species associated with Pinus seeds would be beneficial to compare the differences between the species and their effects on the Pinus seedlings.
CONCLUSION
The Fusarium species identified were F. verticillioides and F. oxysporum and are pathogenic to P. taeda and P. elliottii, causing damping-off in pre-and postemergence.
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